Abstract. During the course of chronic chagasic infection, low parasitemia levels prevent parasite detection by current techniques such as hemoculture and xenodiagnosis. Since serologic tests have sensitivity but lack specificity, molecular assays based on the polymerase chain reaction (PCR) have been proposed as alternative tools for parasite detection in individuals with chronic Chagas' disease. A variable degree of PCR efficiency has been reported in the literature and illustrates the need for further evaluation of large numbers of chagasic patients. In this study, we compared an optimized PCR technique with hemoculture and complement-mediated lysis (CoML) in 113 individuals from or living in endemic areas of Brazil who had conventional serologic results that were either positive, negative, or inconclusive. The PCR amplification yielded positive results in 83.5% (66 of 79) of individuals with positive serology, 47.6% (10 of 21) with negative serology, and 46.2% (6 of 13) with inconclusive serology. Of 10 patients with negative serology and positive PCR result, eight (80%) had positive CoML, indicating that they could have been chagasic but were not mounting immune responses. The PCR results were also positive for all individuals who had positive hemoculture, for 37 individuals with negative hemoculture and positive serology, and for two of six individuals with inconclusive serology and negative hemoculture. Thirteen individuals living in nonendemic areas who had negative serology were used as a negative control group: 100% had negative PCR results. Our results show that the optimized PCR protocol used here was very sensitive in detecting the presence of Trypanosoma cruzi in chronic chagasic patients. The PCR and CoML results were well correlated in all of the groups studied, which suggests that our PCR protocol may be effective in the evaluation of cure in patients who receive anti-parasite treatment.
Abstract. During the course of chronic chagasic infection, low parasitemia levels prevent parasite detection by current techniques such as hemoculture and xenodiagnosis. Since serologic tests have sensitivity but lack specificity, molecular assays based on the polymerase chain reaction (PCR) have been proposed as alternative tools for parasite detection in individuals with chronic Chagas' disease. A variable degree of PCR efficiency has been reported in the literature and illustrates the need for further evaluation of large numbers of chagasic patients. In this study, we compared an optimized PCR technique with hemoculture and complement-mediated lysis (CoML) in 113 individuals from or living in endemic areas of Brazil who had conventional serologic results that were either positive, negative, or inconclusive. The PCR amplification yielded positive results in 83.5% (66 of 79) of individuals with positive serology, 47.6% (10 of 21) with negative serology, and 46.2% (6 of 13) with inconclusive serology. Of 10 patients with negative serology and positive PCR result, eight (80%) had positive CoML, indicating that they could have been chagasic but were not mounting immune responses. The PCR results were also positive for all individuals who had positive hemoculture, for 37 individuals with negative hemoculture and positive serology, and for two of six individuals with inconclusive serology and negative hemoculture. Thirteen individuals living in nonendemic areas who had negative serology were used as a negative control group: 100% had negative PCR results. Our results show that the optimized PCR protocol used here was very sensitive in detecting the presence of Trypanosoma cruzi in chronic chagasic patients. The PCR and CoML results were well correlated in all of the groups studied, which suggests that our PCR protocol may be effective in the evaluation of cure in patients who receive anti-parasite treatment.
Different approaches have been used in the diagnosis of chronic Chagas' disease. Serologic tests are used to detect antibodies against Trypanosoma cruzi and not the presence of the parasite itself. These tests have high sensitivity but lack specificity because of antigenic cross-reactivity with parasites such as Leishmania sp. and T. rangeli.
1,2 Parasitologic tests such as hemoculture or xenodiagnosis have proven to be highly specific, but the sensitivity of these techniques is low. Recently, molecular assays such as the polymerase chain reaction (PCR), which amplify certain repetitive sequences of trypanosome kinetoplast DNA (kDNA) have been proposed as a good alternative tools for detection of T. cruzi in human blood. [3] [4] [5] The ഠ330-basepair (bp) fragment of the kinetoplast minicircles is normally used as a target for amplification.
The PCR assay has shown a variable degree of efficiency. Initial sensitivity reports ranged from 96% to 100% compared with serologic diagnosis. 3, 4 A lower sensitivity level was observed by Britto and others 6 and Junqueira and others. 7 These inconsistencies illustrate the need for additional evaluation of large numbers of chagasic individuals from different endemic regions in Brazil due to extensive variations in the incidence and clinical manifestations of Chagas' disease in this country.
A new technique to verify cure in chagasic patients who received specific treatment is needed. Conventional serologic tests such as the indirect immunofluorescence (IIF) test, the indirect hemagglutination test, and the ELISA are ineffective because they are persistently positive in most treated patients even when parasitologic test results are negative. 8 Since current parasitologic methods have low sensitivity, a negative result does not necessarily mean that the individual is free of infection. Krettli and Brener proposed complement-mediated lysis (CoML), which detects lytic antibodies, as an alternative method. 9 The presence of these antibodies indicates an active infection and the absence indicates cure. 10 However, CoML is labor-intensive and time-consuming because it requires living trypomastigotes, human serum as a complement source, and counting numerous parasites by light microscopy.
In this study, we compared an optimized PCR technique with hemoculture and CoML in detecting T. cruzi infection in individuals from different endemic and nonendemic regions of Brazil who had conventional serologic results that were either positive, negative, or inconclusive.
MATERIALS AND METHODS
Subjects. Data were collected from 113 individuals who had lived in various Chagas' disease endemic areas of Brazil and who were living in southern Brazil at the time of the study. Thirteen individuals from nonendemic regions were used as a negative control group to verify the specificity of the PCR protocol. The epidemiologic and serologic characteristics of the study populations are shown in Table 1 . The clinical state of the subjects was determined by conventional electrocardiography and thoracic radiography. Individuals were submitted to serologic and parasitologic tests for Chagas' disease and classified into four groups: 1) positive serology and hemoculture, 2) positive serology and negative hemoculture, 3) inconclusive serology, and 4) negative serology. The study protocol was approved by the Institutional Review Committee of the Universidade Estadual de Maringá. All study participants provided informed consent.
Serologic tests. Serum was prepared from the blood of each individual and conventional serology was performed by IIF (positive Ն 1:40 dilution; Biolab, Jacarepagua, Rio de Janeiro, Brazil) and ELISA (Abbott Laboratories, Sao Paulo, Brazil) in accordance with the manufacturers' instructions. An individual was considered positive when the two test results were positive, negative when both results were negative, and inconclusive when only one result was positive. * P ϭ positive; N ϭ negative; I ϭ inconclusive; ND ϭ not determined. † There were no statistically significant differences in epidemiologic characteristics (P Ͻ 0.05) between groups of individuals from different endemic areas who were living in northwest Parana State. Age was analyzed using the Student's t-test and the variables sex, history of blood transfusion, and living in a house where a triatomine bug was present were analyzed using the chi-square test.
‡ Control group.
Lytic antibodies were detected by CoML. 11 Trypomastigotes (6 ϫ 10 6 /ml) were incubated with human complement (HuC) at 37ЊC for 30 min and counted to ensure total resistance to complement lysis in the absence of immune serum. Fifty microliters of a suspension of the trypomastigotes and 50 l of two-fold and four-fold diluted test serum were incubated at 37ЊC for 30 min and placed on ice. Fifty microliters of HuC were added to 50 l of each sample and the parasites were counted using an hemocytometer. The tubes were incubated at 37ЊC for 45 min, placed on ice, and the parasites were recounted. For each test, a serum from a healthy control and a positive control serum were included and all readings were double-blind. The sera were considered positive when lysis was superior 20%.
Hemoculture. Total blood (30 ml) was collected into tubes containing heparin from each individual with positive or inconclusive conventional serology and centrifuged at 4ЊC to harvest the plasma. The packed cells were washed twice by centrifugation at 4ЊC in liver infusion tryptose (LIT) medium, 12 distributed among six tubes containing 3 ml of LIT medium, and incubated at 28ЊC. 13 All tubes were mixed gently once a week and examined monthly for up to 120 days.
Preparation of DNA for the PCR. Blood (15 ml) was collected from subjects and immediately mixed with an equal volume of a solution of 6 M guanidine hydrochloride (Sigma Chemical Company, St. Louis, MO) and 0.2M EDTA. 14 The samples were heated for 15 min in boiling water to shear the DNA molecules. 15 After cooling, 200 l were taken from each subject's blood lysate and DNA extraction was performed exactly as described by Gomes and others. 16 Polymerase chain reaction conditions. To detect the T. cruzi kDNA ഠ330-bp fragment, PCR amplification was done in a 20-l reaction mixture containing 10 mM Tris-HCl, pH 9.0, 75 mM KCl, 3. The cycle steps and analysis of PCR products were done exactly as reported by Gomes and others. 16 The PCR controls were added to each series of samples to verify that carryover DNA contamination did not occur.
RESULTS
Detection of the 330-bp fragment of T. cruzi kDNA in human blood by PCR. An optimized PCR method was used on DNA isolated from the blood of infected and uninfected individuals from endemic and nonendemic areas. This PCR protocol has a sensitivity of 0.1% fg of kDNA after hybridization with a specific probe, which corresponds to one intact parasite or 0.01% of the T. cruzi DNA fragment circulating in the blood of an infected host. Representative samples for each study group are shown in Figure 1 . The 330-bp and 750-bp specific products were detected in subjects who had positive serology and hemoculture results and in those with positive serology and negative hemoculture results. An additional amplified DNA fragment of 199 bp derived from human DNA 16 was also found in positive and negative T. cruzi samples and was used as an internal control of PCR inhibition.
Samples in which the DNA concentration was very low are shown in Figure 2 . For these samples, we identified PCRamplified DNA using slot-blot hybridization with an alkaline phosphatase-labeled probe 16 (Figure 3) .
Comparison of the PCR with CoML in individuals with positive, negative, or inconclusive conventional serologic results. The PCR diagnosis was performed on 126 samples from individuals from endemic (113) and nonendemic (13) areas. Of those individuals from endemic areas who had positive serology, 83.5% (66 of 79) also had positive kDNA amplification. In addition, 47.6% (10 of 21) of those with negative serology and 46.2% (6 of 13) with inconclusive serology had positive PCR results ( Table 2 ). The CoML results were similar: 84.8% (67 of 79), 52.4% (11 of 21), and 38.5% (5 of 13) of the individuals from endemic areas with positive, negative, or inconclusive serology, respectively, had positive CoML results (Table 2 ). However, of those individuals from nonendemic areas who had negative serology, none had positive PCR or CoML results.
Comparison of PCR diagnosis with hemoculture. Of the 92 individuals who had positive or inconclusive serology, 85 were also examined by hemoculture. Only 36.5% (29) of the individuals who had positive serology had positive hemoculture results while the results of the PCR were positive for all individuals with positive hemoculture results and for 46.8% (37) individuals with negative hemoculture results. The results of the PCR were also positive for two of six subjects who had inconclusive serology and negative hemoculture results (Table 3) . DISCUSSION In the present study, an optimized PCR technique detected T. cruzi kDNA in the blood of 83.5% of the individuals with positive serology from various areas endemic for Chagas' disease. Previous studies reported PCR sensitivities of 96.5% and 100% in blood of chronic chagasic patients from Virgem da Lapa, Minas Gerais, Brazil. 3, 4 The chagasic patients living in this region had high parasitemia levels based on positive xenodiagnosis results compared with individuals from other endemic areas. 17 This phenomenon could explain the PCR results observed in patients from Virgem da Lapa. Compared with conventional serologic tests, we found a higher PCR sensitivity than those reported by Britto and others 6 and Junqueira and others 7 (45% and 60%, respectively), who used the protocol reported by Wincker and others. 3 The PCR results were also positive for 46.2% (6 of 13) of individuals with inconclusive serology and for 47.6% (10 of 21) of individuals with negative serology who were living in endemic areas (Table 2) . We thoroughly investigated possible reasons for this unexpectedly high percentage of individuals with negative serology and positive PCR results. Contamination during the PCR procedure is unlikely since we performed several DNA extractions and PCR experiments at different times, using different blood samples and separate laboratory areas. The specificity of the PCR products was also investigated by internal probe hybridization. Also, the negative control group as well as our negative internal controls were consistently negative and they were processed simultaneously with the study samples. This is not the first time that PCR results were positive in individuals with negative serology. Avila and others reported positive PCR results in one patient with negative serology with cardiomyopathy characteristic of chronic Chagas' disease, and in 66.7% (2 of 3) of presumed nonchagasic subjects from an area endemic for Chagas' disease. 4 Individuals with negative serology in the present study did not exhibit clinical manifestations characteristic of Chagas' disease, but a high percentage of them were from endemic areas and lived in houses where triatomine bugs were present (Table 1) . Since the CoML was also positive for most (8 of 10) of these individuals, it is possible that they were infected. It is known that some chronic chagasic patients with positive xenodiagnosis results consistently have negative serologic results throughout their lives. 18, 19 We believe that the number of reports of these cases is not higher because parasitologic tests are usually not performed in individuals with negative serology. Our results, as well as others reported in the literature, [19] [20] [21] suggest that conventional serologic tests may be unable to detect infection in some chronic chagasic individuals. This might be due to specific humoral depression in these patients [19] [20] [21] or the inability of these tests to detect low levels of antibodies to T. cruzi. In addition to our findings, discordant conventional serologic test results for Chagas' disease diagnosis in blood donor screening have been reported by other researchers. [22] [23] [24] [25] [26] This study was a comparative analysis of PCR and CoML methods in groups of individuals with positive, negative, or inconclusive conventional (IIF, ELISA) serologic results. Of the 113 subjects, 87 (77%) had concordant results for both tests ( Table 2 ). The CoML has been used to assess cure after specific treatment of Chagas' disease, but the PCR may be a more useful tool because it has the advantage of detecting the presence or absence of the parasite itself. The first attempt to evaluate the performance of the PCR in individuals who received treatment but were still serologically positive was done by Britto and others. 5 These investigators observed positive PCR results in 90% of untreated individuals and in 28% of patients who received treatment with benznidazole. However, these data were collected at short-term, post-treatment follow-up, and the PCR was not performed prior to treatment.
The PCR and hemoculture methods were performed on 85 individuals. The hemoculture results were positive for 36.5% (29) of the individuals with positive serology, while the PCR detected infection in 83.5% (66). The results of the PCR were positive in two of six individuals who had inconclusive serology (Table 3) . Taken together with the results of previous studies, [3] [4] [5] [6] [7] our results showed a consistent increase in PCR sensitivity compared with hemoculture in the same group of individuals.
The results of the current study suggest a need for future analysis of the two approaches. Specifically, two issues need to be addressed. The first is to verify the usefulness of the PCR as a tool to assess cure after specific chemotherapy. Experiments are in progress in our laboratory to ascertain the efficiency of our PCR protocol in monitoring cure after specific treatment. The second question involves positive PCR results observed for individuals with negative serologic results. This could be clarified through extensive analysis of the PCR and other Chagas' disease diagnostic methods in blood donor screening.
